Introduction {#sec1-1}
============

Sickle cell disease (SCD) is a common health problem in Nigerian children with an incidence of the homozygous sickle cell anemia (Hb SS) and the heterozygous, sickle cell hemoglobin C disease (Hb SC) being 1.5% and 1.3% respectively.\[[@ref1][@ref2]\] Compound heterozygosity with β^+^ -thalassemia (Sβ^+^ -thalassemia) is, however, rare in Nigeria.\[[@ref3]\] Whereas infection is the leading cause of death among children with sickle cell anemia, deaths from chronic renal failure take prominence after the first three decades of life.\[[@ref4][@ref5]\] However, with improvement of knowledge of medical management of the disease and better living standards, a longer survival is expected among these children and hence the risk of death from renal failure may become more frequently encountered.

In Africa, few studies on the effect of SCD on renal function as determined by the glomerular filtration rate (GFR) have been performed with conflicting results.\[[@ref6]--[@ref10]\] The present study, therefore, aims at studying the effects of sickle cell crises on GFR among children seen at the University of Ilorin Teaching Hospital, Ilorin, Central Nigeria and thereby add to bridge the information gaps.

Materials and Methods {#sec1-2}
=====================

This prospective study was carried out between May and November 2004 at the University of Ilorin Teaching Hospital, Ilorin, Nigeria, after obtaining clearance from the Hospital's Ethical Committee. An informed written consent was obtained from the subjects and parent/legal care. The subjects were recruited consecutively as they presented in crises at the Emergency Pediatric Unit of the Hospital, and they served as their own controls following recovery into the steady state. Care of the patients in vasooclusive crises (VOC) included rehydration until normal hydration was established and pain had been relieved. Close monitoring of vital signs during rehydration was done to prevent cardiac failure from fluid overload. Doses and choice of analgesics were individualized to achieve sufficient pain relief, i.e., dihydrocodeine and/or pentazocine were prescribed initially, and pethidine was also administered to patients whose pain was not relieved on the initial two analgesics. Pentazocine and pethidine were given in adequate doses and in a fixed schedule at regular intervals enough to suppress and prevent pain and dependence. Antimalarial chemotherapy, including Chloroquine and Artemisinin-based combination were administered for uncomplicated malaria. Quinine (intravenous or oral) and intramuscular artemether were administered to treat subjects with severe malaria. Empiric antibiotics against *Streptococcus pneumoniae and Salmonella* were given when fever persisted for 72 h subsequent to adequate antimalarial therapy and before blood culture and sensitivity results became available. For hyperhemolytic crises, severe anemia was corrected by blood transfusion (with blood group AA) as whole blood given at 20 ml/kg body weight over four hours without frusemide in the presence of clear evidence of hypovolemia and packed cells at 15 ml/kg body weight over four hours with frusemide in the absence of hypovolemia. Oxygen was provided as needed. Treatment for malaria and empiric antibiotics were given as discussed earlier. When patients recovered into the steady state, routine drugs, including folic acid and proguanil were regularly administered as chemoprophylaxis for anemia and malaria respectively.

Inclusion criteria {#sec2-1}
------------------

Patients with hemoglobin SS, and SC as confirmed by electrophoresis using cellulose acetate paper, age range between 3 and 18 years.

In a steady state\[[@ref11]\] when they satisfied the following criteriaAbsence of fever at presentation and for 4 weeks after the last crisisAbsence of skeletal and and/or abdominal pain at presentation and within the 4 weeks after the last crisis.Otherwise active and going about their routine daily activities.In a clinically defined state ofVasooclusive crisis\[[@ref12]\] (VOC) - complaints of skeletal and/or abdominal pains without clinical or radiological evidence of osteomyelitis or surgical abdomenHyperhemolytic crisis\[[@ref13]\] - a recent recurrence or deepening of jaundice in association with reticulocytosis (Reticulocyte Index \[RI\] ≥1%) and a fall of the packed cell volume (PCV) from the steady state if known or with PCV ≤ 15%Acute sequestration crisis\[[@ref13]\] - a rapid increase in spleen size with reticulocytosis (RI ≥ 1%) and no jaundice or recent splenic enlargement and with PCV ≤ 15%Aplastic crisis\[[@ref14]\] - a severe anemia (PCV ≤ 15%) associated with reticulocytopenia (RI \< 1%)![](IJN-23-354-g001.jpg)

Exclusion criteria {#sec2-2}
------------------

Subjects less than three years because of known variation of GFR in children below this age and the drastic variability of serum creatinine (Scr) with increasing age up to the age of 3 years;\[[@ref15]\]Subjects with a known renal diseaseSubjects who were initially healthy but subsequently developed renal disease during follow-up.

For each recruited patient, the GFR in mls/min/1.73 m^2^ during a crisis, and steady state were calculated using the Schwartz formula. Only method by Schwartz *et al.* was utilized.
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Where K = constant of proportionality

= 0.55 for children and adolescent girls (13-21 years of age)

= 0.70 for adolescent boys (13-21 years of age).

L = body height in cm.

Scr = Serum creatinine in mg/dl.

Sample for Scr and PCV estimation was collected (4 ml into a plain ethylene diamine tetra-acetic acid EDTA bottle) before the commencement of treatment for the crises (i.e., before intravenous fluid administration, analgesics etc.) Estimation of Scr was done using the Jaffe's method on Corning colorimeter reading at 520 nanometers\[[@ref17]\] Validation of Scr measurement was maintained strictly for coefficient of variation of ± 2% for within-run samples and ± 4% for between-days samples. PCV was carried out by the author at the emergency pediatric unit. The capillary tubes were spun using the centrifuge machine running at 2500 revolutions per minute for 5 min. The height was measured by a standard method to the last completed 0.1 cm. After appropriate verification, the data were analyzed using the Epi-info software Package (Version 6 of 1999) and SPSS version 11.1. Student's t-test for comparing the mean of two samples (paired 't' test) was used to test for significance of the differences between means of GFR in crises and in the steady state. The level of significance was set at values of *P* \< 0.05.

Results {#sec1-3}
=======

A total of 102 patients were seen in 102 crises, but 81 were followed-up into the steady state. Twenty-one could not enter the study for various reasons. These included 12 patients who were under age of 3 years; five others with VOC were lost to follow up. Four died before they could be transfused with blood. Out of the 81 patients who were followed-up into the steady state, 47 (58%) had VOC, 19 (23.4%) presented with hyperhemolytic crises and 15 (18.6%) presented with features of both VOC and hyperhemolytic crises. The age group, gender, and genotype distribution of the study population is as shown in [Table 1](#T1){ref-type="table"}. The means value of GFR (ml/min/1.73 m^2^ ) rose from 81.09 ± 22.92 to 116.24 ± 22.11 following recovery from VOC into the steady state, from 77.45 ± 18.48 to 99.54 ± 17.71 following recovery from hyperhemolytic crises into the steady state and from 90.95 ± 17.53 to 114.01 ± 22.44 following recovery from crises with features of both vasooclusive and hyperhemolytic crises with corresponding significant *P* values of 0.000, 0.001, and 0.004 respectively. The comparison of mean glomerular filtration rate during crises and in the steady state is as shown in [Table 2](#T2){ref-type="table"}.

###### 

Age group, group, gender and genotype distribution of the study population
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###### 

Comparison of mean glomerular filtration rate during crises and in the steady state (ml/min/1.73m^2^)
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Discussion {#sec1-4}
==========

The significant improvement of GFR following recovery into the steady state of the subjects with VOC was in agreement with the earlier works of Addae\[[@ref7]\] and Aderibigbe,\[[@ref8]\] who studied the effects of VOC in children and adult patients with heterogeneous HbSS and HbSC population using mannitol and 24-h urinary creatinine clearance respectively. The agreement of the current study and their findings is even more impressive, considering the fact that different methods of GFR assessment were employed, and this study was carried out exclusively in the pediatric age group.

However, the reduction of the GFR observed in VOC in this study differed from the results of Ocheke,\[[@ref9]\] who observed increased GFR among children and that of Kenotey-Ahulu,\[[@ref10]\] who observed same among children and adult's population with VOC. While it may be that the hitherto recognized unreliability of collecting 24-h urine for creatinine clearance among pediatric population may have contributed to this observed increase in GFR, the administration of increased intravenous fluid imperative for standard management of patients during VOC, may also have contributed to this increase via expansion of the intravascular volume during the 24-h urine collection for creatinine clearance as it is done traditionally. Aderibigbe *et al.*\[[@ref8]\] however, did not find increased GFR in their own studies using similar methods of 24-h urine clearance and their patients also received increased intravenous fluid.

The method (Schwartz formula\[[@ref16]\]) employed by the current study has eliminated the potential contribution of intravascular volume expansion on increment in GFR as blood for Scr estimation was drawn promptly on arrival before the commencement of fluid therapy.

The reduced GFR observed during VOC in this study, and those of others\[[@ref7][@ref8]\] may be attribu to glomerular microvascular occlusion by sickled erythrocytes and several other events, which are well known to occur during VOC.\[[@ref18]--[@ref23]\] Furthermore, the stress and pain associated with vasooclusive crisis may give rise to an increase in the sympathetic discharge and a rise in the level of blood anti-diuretic hormone and adrenalin (causing mesangial cells contraction) with a resultant decrease in the GFR.\[[@ref24][@ref25]\] The cumulative effect of all these factors (glomerular occlusion and contraction of mesangial cells) is a reduction in the effective surface area available for filtration and hence the reduced GFR observed during VOC. A search into the literature did not show that much work had been published on the effect of hyperhemolytic crises on the GFR of children with the SCD even though hyperhemolytic crises have been identified as a major cause of hospitalizations in one study.\[[@ref26]\] However, the major pathogenetic mechanism operating in hyperhemolytic crises is that of acute exacerbation of hemolysis on chronic hemolytic process resulting in more severe anemia than what is obtained in the steady state. This study showed that there was an observed reduction in the mean GFR during hyperhemolytic crises with a statistically significant improvement in the mean GFR following recovery into the steady state. Although circulatory adjustments to anemia had increased the cardiac output and increased renal blood flow (i.e., increased GFR), blood is eventually diverted away from the kidney to other organs like the heart, the brain, and the adrenals which are more susceptible to hypoxia.\[[@ref27]\] Consequently, the hypoxic injury of the acute anemic state may cause glomerular endothelial damage with a resultant reduction in the effective filtration surface area and hence the observed reduction in GFR as found in the present study.

The current study would also sum to indicate that sickle cell anemia patients who were afflicted with the combination of hyperhemolytic and VOC tend to have glomerular dysfunction, which improved significantly following recovery into the steady state. This observed improvement in GFR may be a reflection of the resolution of the patho-physiological factors operating during vasooclusive and hyperhemolytic crises.

In summary, the current study has clearly shown that the GFR reduction that occurs in SCD patients in vasooclusive and hyperhemolytic crises is reversible, following recovery into the steady state.

It is therefore advised that concerted efforts be put in place to prevent sickle cell crises and to aid speedy recovery from crisis's state, in order to avoid the cumulative long-term effect of incessant crises on the renal function.
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